Water turnover may be determined with stable isotope techniques from the product of tracer dilution space and tracer elimination rate. Tracer concentrations must be measured in two body fluid samples which are separated by a sampling interval. The tracer concentration of the first sample may be charged with an error which may be due to analytical errors, incomplete tracer dilution or because the necessary steadystate assumption (water influx equals water efflux) is violated at the moment of tracer loading. Error propagation shows that the influence of this error on the estimation of water turnover is partially compensated for. The goodness of compensation depends on the sampling interval and on the magnitude of the error of the first sample. The error is best compensated using sampling intervals of 1.5 tracer half lifes.
Introduction
A non-invasive, stable isotope method may be used for the measurement of water turnover in humans and animals (1 -4) . After a tracer dose of 2 H 2 O (usually 0.1 -1.5 ml/kg body weight) is distributed in body water, the tracer is eliminated from body water following a first-order kinetic. Water turnover is calculated from the product of The elimination rate is calculated from the semilog linear 2 H 2 O decrease which occurs after distribution is completed. It has been shown that the elimination rate may be reliably calculated using either multiple or two datapoints (5) .
Recently, we performed a field study on 171 healthy infants in which we measured water turnover under normal conditions at home (6) . 2 H 2 O concentrations were measured using a previously described method (7) . We calculated the tracer elimination rate by the two-point method. A first urine sample was obtained between 2 and 3 hours after an oral load of 2 H 2 O, the second sample was obtained after sleep in the morning of day 5 for children below one year and of day 10 for older children. The published times for equilibration of an oral load of 2 H 2 O into body water, especially into urine, vary from 1.5 to 6 hours (7 -12 The combination of equations (2) The value of Aci may be charged with an error x · Ac, which may be due to analytical imperfections or to the fact that the sample has been drawn before 2 H 2 O equilibration was completed. We get for the estimate R H2 o* of water turnover *·*>*-£· At Ac, · (1 + x) (Eq. 5)
The error for the estimation of water turnover may then be calculated as
Replacing the constant term In (Ac!/Ac 2 ) by k, we get:
The relative error F of the measurement of water turnover is defined as (Eq. 8)
x -kx k + kx (Eq. 10)
The error x with which the 2 H 2 O concentration of the first sample is charged, appears in the numerator as well as in the denominator of equations (9) and (10) . From equation (10), it can easily be seen that the influence of x on the estimation of water turnover is partially compensated for. The degree of compensation depends on the values of k and x.
Taking equation (9), we calculated the error F for the measurement of water turnover. The error of the first sample is varied in the range of ± 20%, which is a larger range than should occur in reality. Additionally, we varied the sampling interval from 1 to 3 half lifes, in order to find the sampling interval which is most robust against the error of the first sample.
Using experimental data,we calculated for two cases of identical water turnover, but different sampling intervals, how an error of the first sample influences the measurement of water turnover, if the steady^state condition of distribution space is not fulfilled (10 year old child, 31 kg, 1.54 ml 
Results
Discussion of equation (9) In figure 1, the error F of the estimation of water turnover is plotted in relation to the error x of the first sample. The graphs a -f were established for ratios k of Ac!/Ac 2 ranging from 2.0 to 8.0. These ratios correspond to sampling intervals of 1.0 to 3.0 tracer half lifes. The graph g is the line of identity which is obtained if the error of the first sample is not compensated for (F = x). In general, no graph touches the line of identity. This proves that the influence of the erroneous first sample on water turn* over is partially compensated for under all the assumed conditions. If the ratio of k is between 2.5 and 3.0, the error x is nearly eliminated (between 75 and 95%). Ratios of 2.5 and 3 correspond to sampling intervals of 1.3 and 1.6 tracer half lifes, respectively. For shorter sampling intervals, the error is less Calculating using real data Table 1 shows data for the 2 H 2 O concentration of the first sample, elimination constant kj, water turnover, and the errors x and F for the first sample and water turnover, respectively, using experimental data. It can be seen that the error x of the first sample is partially compensated for. The error F of water turnover is smaller than the error x, but it can be seen that the degree of compensation depends on the ratio Aci/Ac 2 which is closely correlated to the sampling interval.
Discussion
From the calculations of error propagation presented in this paper it can be seen that water turnover may be measured, even if the 2 H 2 O concentration of the first sample is charged with an error. This beneficial effect is due to the fact that the 2 H 2 O concentration of the first sample is used either to calculate distribution volume (total body water, TBW) and the elimination rate (kj) and that the product of both yields water turnover (R H2 o)· An overestimation of Ac, causes an underestimation of total body water (TBW), but at the same time an overestimation of the elimination rate. We showed that the error of the first sample is compensated over a wide range (relative error of + 20%) if the sampling interval is close to 1.5 tracer half lifes. But even for longer or shorter sampling intervals, the error x may be compensated, although to a lesser extent. O analysis has a small error, there may be a violation of the assumption of steady-state (a certain percentage day-to-day variation of body water in healthy subjects). Therefore, we would like to suggest the use of sampling intervals close to 1.5 tracer half lifes in order to maximize the precision of the measurement of water turnover.
In our study on the water turnover of healthy children (6), the worst-case error of the 2 H 2 O concentration of the first sample due to incomplete 2 H 2 O distribution is 6% (8). As we used sampling intervals close to 1.5 tracer half lifes, we must conclude that water turnover is measured in this study with an error of less than 2%, an error which should be acceptable for a field study.
Tab. 1. Evaluation of the influence of the error x of the first sample using experimental data applied to two different sampling intervals, assuming the same value for the water turnover ( Answer: The gold standard for the estimation of the elimination constant k, is the non-linear regression using a data set of daily 2 H concentrations during an interval of two tracer half lives without violation of the steady state condition of a totally constant body water pool. This may be hardly performed in a practical trial, especially during a pediatric field study. It has been previously shown that turnover rates may be reliably calculated from the tracer decay if only two data points are available (5) . We would like to illustrate this using original data for 18 O elimination kindly placed at our disposal by Dr. S. Welle.
The semilogarithmic decay of the tracer concentration during the first 14 days of application is shown in figure 2 . The tracer concentration decreases linearly, which confirms our assumed model of first order kinetics. Figure 3 shows the 13 elimination constants ki as calculated using the tracer decay from the first post-dose sample on day 0 to samples obtained on post-dose days 1, 2, 3 until 14. It can be seen that k, may be reliably and precisely measured using only two data points.
• r Question 2: If k is assumed to be 1, F must be 0 for all values of the error of the first sample. In equation (7), the constant k is denoted as k = In (Ac^Aca). The constant k may also be obtained from k = ki At where At = t 2 -ti according to equation (3). As a consequence, the relative error F may be reduced to 0 for all values of x by simply choosing a sampling interval of At = 1/k,.
Answer: This result which is described for the special case At = 1/k ι may also be obtained if equation (4) (Eq. 12). Using equations (11) and (12), equation (4) The error x is eliminated in equation (14); for the calculation of R H2 o only V 0 , Y 0 and the elimination constant k, are needed. This is a logical loop: the elimination constant k, is first measured during the experiment and may not be precisely known a priori. Prior knowledge of k, is equivalent to an error of the measurement of zero.
Question 3: The term x influences the value of the first concentration as well as the elimination constant k^ As a consequence Ac 2 should be influenced too.
Answer: We assumed for this calculation that the 2 H concentration is not correctly determined because the sample is taken before the tracer is completely distributed in body water. With this assumption the value of Ac 2 should not be dependent on Ac,, because equilibrium will be reached correctly, but delayed. This is also the case if an error occurs during the analysis of the 2 H concentration of the first sample. On the other hand, both Ac, and Ac 2 may be involved, e. g. if the given amount of tracer is wrong which is equal to an error of V 0 .
Question 4: Why didn't the authors discuss the influence of errors on distribution volume?
Answer: The unique feature of equation (4) is the partial compensation of errors of Ac,. This is not true for all other parameters of the equation. As possible errors of all these parameters are transferred directly to the result of water turnover (law of distribution) we renounced discussion of this point. 
